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(57) Abstract: A light emitting device high in 
light emitting intensity, a light emitting device high 
in light emitting intensity and excellent in color 
rendering. A light emitting device comprising a 
first light emitting element for generating light of 
350-415 nm, and a second light emitting element 
for generating a visible ray of light when irradiated 
with light from the first light emitting element, 
characterized in that the second light emitting 
element contains a phosphor satisfying one of 
the following conditions 1-4: 1. (a) It contains 
a crystal phase where Eu concentration providing 
a maximum light emitting intensity at any one 
of excitation frequencies of 350-415 nm is higher 
than an Eu concentration providing a maximum 
light emitting intensity at an excitation frequency 
of 254 nm and (b) contains a crystal phase activated 
by Eu having at least 1.1 times the concentration 
providing a maximum light emitting intensity at an 
excitation frequency of 254 nm and 0.5-9 times the 
concentration providing a maximum light emitting 
intensity at an excitation frequency of 400 nm. 2. 
It contains a crystal phase where Eu-to-Eu average 
distance calculated from the Eu concentration in a 
crystal parent body is at least 4 A and up to 11 A. 
3. It has a quantum absorption efficiency a q of at 
least 0.8. 4. It has a product Oi q r\ - x of a quantum 
absorption efficiency Qf q and an internal quantum 
efficiency r\ , of at least 0.55. 
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(74) ftilA: /MB , *1-(OGURI,Slioliei et al.); T107- 
6028m«a5^E^S-T@ 1 2f32^7-^S 
tf JU 28B *3fe»fF»»Br Tokyo (JP). 

(81) Ja^ II (SFty: AE, AG, AL, AM, AT, AU, AZ, BA, BB, 

BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, 
DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, 
ID, IL, IN, IS, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, 
LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NO, NZ, 
OM, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, TJ, 
TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, 
ZM, ZW. 



(84) fgjtgl (l&t$L): ARIPO f$lf (GH, GM, KE, LS, MW, MZ, 
SD, SL, SZ, TZ, UG, ZM, ZW), =L — =j -> T ft If (AM, 
AZ, BY, KG, KZ, MD, RU, TJ, TM), 3 — O y Af#|*F 
(AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, 
GR, HU, IE, IT, LU, MC, NL, PT, SE, SI, SK, TR), OAPI 
ItfF (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, 
MR, NE, SN, TD, TG). 
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(57) mm-. 

#3g0!f±. 3 5 0 -4 1 5 nmO*mt5i 1 (D^ftfo b , S^SH 1 CD|§ 

1. (a) 350-415nmOV^H^cDM)jS^ft-e*^^^i:^^ Eu »&*^254nra 

(b)254nmOJs&je»S-Cft^:*)t3ftffii:*5*«© 1. 1 ffiFfitJb. /6>o N 400nm "C* 
*3B&3agg £ & S &£<A 0. 5 {£-9 te<£>8£&<7) Eu -Cf+S $ lit V> 5 *£fflfa £^ 

2. *frS«:fl5:*<Z>Eu Md»e>ttJfStl/5 Eu-Eu TOspa&Kfca* 4AJ^_t llAJ^TT 

fc**&ilMi«:'ir*ri"3. 

3. ft^-SRJR&J* a q # 0 . 8j^_h 0 

4. *^®H2^^a q ^F^gBlr^^^Di^Sra, 173 ^5 0. 5 5 i^± 0 
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tOTLT©i 2 (D5g^#:i ZU^frltZ r. £ «t U „ f£JBat££fc:.fc b Tift 6 

V^5. M£te\ #^Hg4 9 - 1 2 2 1 #^tfR-Ctt % 3 0 0- 5 3 0 nmcD^^O 
y M 5 _ z G a z 0 12 (Yf4 Y N Lu, 1; fete La, M« A1 N Al-In N * Al-Sc £ri&To )) 

£^TV^3i^^SV^b;#y ^ (GaN) ILED^LD^V\ |g2 
©Wilt, «*<Z>mft#&^fc&fe^ft<^3§3fe^«;d5 N Ifl^^/J^ 

iitt\ Wl 0-2 4 2 5 1 3t«|l, Hi <D|§ft#:£: Utittl 
^©LEDX(j;LDf^MU B2<£>3Sft#£: IT, -f s> MJ !>A ■ 
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*LTV^„ ^H#fFH6, 2 9 4, 8 0 0f*it LED^b©*!^*^ 
tl5 330-420 nmM^;>fe<^M£StfT£fe^£B£L5 5iKi b 

fcHtlfc Jfe® tf* HI* $ tLT33 5 ^ CO if fei^f* i: Lt (Sr, Ba, Ca) 5 (P0 4 ) 3 C1 : Eu 2+ 
flSfctf kftTV^o * ^@#fF^6 , 2 7 8, 1 3 5fMl^T(t, 

fat LT BaMg 2 Al 16 0 27 :Eu 2+ ^£;rL-Cl^o 

^^7^« m#»fcif©3&3tea5fc LT/BV^5i§-£H:f± % iftv^3te»££ 

fCffeLEDX(iffeWf^^V\ ^2 0^3fe#:ir LTir y y 

hAstettl^ H&fDftftt? — ? YvZf (4 5 0nm#ifi) t JtfecDM if 
— Yy-f (5 5 0 nmfaift) kto^W&fa (4 7 0 nm- 5 4 0 n m) t „ H 
fet:°— ^ £>&&$ti!lM( (580-700 nm) (D^^?SiS^ffifeT/h $ </io 

•5 o 
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/h£ < ft!) , ftfeftflsfa-h-fs r fcas»l#$*L5„ b/^bft^6>, r©f -i- 
[ WF3:iifc 1 ] 

#^Bg 4 9 - 1 2 2 1 -^fft 
[#fF«2] 

10-242513 -5§-4^t 
E^fF^m 3 ] 

^B#fFJH 6 , 2 9 4, 8 0 0 ^Jkm 
*ffl'#fFjf? 6 , 2 7 8, 1 3 5 

%m<D$t& 254nm<D;fc (7j<«M0 TSfe^itrSSbfefc©!*^ 

^ 5M\%&h^f'o bj&>bft#6> N ^ft 3 5 0- 4 1 5nm, 3 9 0-4 1 0 

nm, $ f)tfi4 0 0 nm03fctM^*5*3fc^©f ^ 254nm <E>3fc-C<DjSj& 

tfi«gi*isi&* 5#^J«S©«[± 5 #^ (Eu) mm*±i*< L-Xh, m 
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toT*^©Iptts 3 5 0-4 1 5 nm©)t^4t5^1 C^^fr £ % 

1 . (a) 350-415nmOV^i*tt^<DjilSfeS-CS^:IS3fe^i:^S Eu«^> 254nm 

(b)254nm©M(©^*^*^^3iSi^S^^ 1. 1 fS^-h. #>o, 400nm fft 
^B*^ £ & S $t^© 0. 5 {§~9 ffiF©*& O Eu Xttfe c? tLTV^ <5 ^ H H B t@ ^ 

2 .^-Sfls^O Eu HS^fefrU £tL3 Eu-Eu Rgsp^EHf^ 4A^± llAj^TT 
3. A-^iftlRSb^o^O. 

&&w<D&ti^nmte, WR&i&ytmK — ^ ci] — [4] 

Eu a S TtM^-h (POJ 0 X d [1] 
(5£«K M^iEuMSr^MTC^ X J± P 0 4 J^GQ — ffi^T^^^S 
Sr^l - ,, atta>0, b^b^O, a + b ^ 5 "Cfc <9 , d»0 % a^O. 1, b ^ 
3©'>^<n-*»t5Stl)5 0 c|i2. 7±ScsS3. 3 SriMtSt, 
dteo. 9^d^l. l&ffi&1rZ>%fc-VhZ> 0 ) 

M 2 (e _ ex) M 2 ' ex E u f M 3 (g _ gy) M 3 ' gy M 4 (h _ hz) M 4 ' hz O i [2] 
(5£ip % M 2 «: N Ba N Sr. Joit^C a ^fe*5Sf^bl^fc / >i&< i: fe- 
«©5n3ff£:*U M 2 'fi, — #5, Xfc, ;*IS{£B#— flSO^Hg"?^* 5 0 . 9 2 A 
Ji/._L<Z>— |E&<D^Jji5nS? (IU Ba, Sr, Ca, Eu|i|<) ^SL, M 3 f±, 
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7n@S{ilB#— 0 . 9 2 A*l©ltt©^I^| ({IU Mg, Z 
ni±Bfc<) Sr^U M 4 {*. AK Ga. 3o J; T>* So i>* b ft kStf ftfc^fc < 

i — @(D7n*?r*b, M 4 '«, Hft(D#MS;* (iS-U AK Ga N Sclil 
< ) &m-to f »0. lUf^O. 99 ^Ilf^t, e fiO. 9 ^ (e + f ) 

^ i . l^iats^ g^o. 9^ g ^i. i*m&-tz>m, h«9^h^i 

1 ^rtt^i-^^:. Hil5. 3 ^ i ^ 1 8 . 7&m&-t%%ks x»0^x<0. 
2%Yt^-r§&. y«0^y<0. 2 Z>Wl, zf*0^z<0. 2 

M 5 j E u k M 6 1 M 7 m O n [3] 
(5£tK M 5 (* N Ba, Sr, *5 <£ TfiC a ^ b ft 6 Sl^ b5gfc£ft5 £>fc < £ t> — 
5B©5c*^tf-T? 90mol%£;Ji-g-tp^M5c*SriStUx M 6 te, MgfcitfZ n^fe 

^f+-C 90mol%J^_h^tP^«5o»?r^-t-o j f± 2 . 5 ^ j ^ 3 . 3 

kiio. oooi^k^i. o^l^tsts mo. 9^ i^i. llrf^t 

Eu 0 M 8 p (P0 4 ) q (BO,) [4] 
(St^K M 8 te. CalMU i»o, C a £ M g ^6>feSSP*>fe3Btfih/^^J& 
< it-S©7C*^8 Omo l%K±^fift5#l7C*^SL^ ZfiP 0 4 3 \ B 

o 3 3 "Wr^tySW„ o. 003^0^2. i&m&^-zWt, p 

ft, 2. 7^ (o + p) ^3. 3Sr«fJEi-«afc N qf*s 1. 2^d^2^SMt 
r tt> O^r^O. 1 ^J£i-S^TfcS 0 ) 

£7K 3 5 0~4 15nm©M4t^l©Wh ^RIR 1 <£3§3feft 
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5^£&JLffiU#3§0J3t-i!!^b*: o tot, ^mm(Dl$L<Dmmtes 3 5 0-4 1 

fr^s — [1] o^^M^^ri-s^ffi^^r-t-^^^^^bT^^r 

Eu a S r^ 1 ^ (P0 4 ) c X d Cl] 
(5£tK MMiE u£.TJ<S r ^<D^«5d*, XfiP0 4 W-f^T^t^S 
?r^-r o a{ia>0, bteb^O, a + b ^ 5 "Cfc <9 , ^o, a^O. 1, b^ 
3 <£>4>ft< £ %— ^*»J&-t-5«C-e*)Sn c{*2. 7^c^3. 3 £,f 

diio. 9 ^ d ^ i . i^iMt5f-e&5 0 ) 

if 2 <^3§^#:^ bT, (Ba, Sr, Ca) (Mg, Zn) Al 10 0 17 :Eu 2+ k 
MOteOS&tts 3 5 0- 4 1 5 nm©^^4t5H«fi:s SR»1 

M 2 (e _ ex) M 2 ' ex Eu f M 3 (g _ 8y) M 3 ' gy M 4 (h . hz) M 4 ' h2 O i [2] 
(5£tK M 2 tt, Ba, Sr, jo <£tFC a ^ b )fe 5 b iff ilfc^ ^ < £ % — 

to^i^si, m 2> », x«> AijSf«©tit#i^ 0 . 9 2 a 

^Jb»Htf6D^M5u» (IIU B a, Sr, Ca, EuftiO Sr* U M 3 {±, 

TNiafiBt— faovtw , v¥-%k& o . 9 2 A^m <d ~mco^mjuM (nu Mg, z 

n{*^<) ^iU M 4 {*, Al, Ga, *3 £ Sc i)> h ft 5^^ k»Wf *l//fcf>fc < 
£ fe— ffitT^St^rSb, M 4 'f*, H#5<^JStc* (feU Al, Ga, S c 
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<) &m-to f ft:, 0. lUf^O. 9 9 ^IMt^t, en, 0. 9^ (e 
+ f) ^1. l%m&-fZ>Wt, gl± N 0. 9£g£l. 

9 ^ h ^ 1 1 ifc^ 15- 3^i^l8. 7 Srflti J&*f 5 8u x fi N 

0^x<0. 2*»Si-5» N ylt 0^y<0. 2 SCSI'S $U z tt N 0^ 
z<0. 2 Sr?KJ£i-SlS:T?ab5o) 

^ 2 G9|83te#i: LT, (Ba, Sr, Ca) 3 MgSi 2 0 8 :Eu Sr3£*W**B.fifc 

^PJtCPJ^bfCo ftoX, ^^©fe^g^tt, 3 5 0 -4 1 5 nmtf);ft3:3§ 

t^B2 <o&yt#k zmir&mftmmfc&^T.Mmm 2 ©ssttfoa^— jrss: 3 ] 

M 5 j Eu k M 6 1 M 7 m O n [3] 

(5£tK M 5 {4. Ba, Sr N *5«t tJ«C a *i b bSHf^bS^jfc < i: — 

*U M 7 «, S i *3«fcTJ<G e fl> & 5aPa>k»fc£*l34>fc < 1 1>— «Otc*^ 
^f|-T? 90mol%^_L-g-if^JR^^^*i-o j fit 2 . 5 ^ j ^ 3 . 3 SriftJE-f-SBU 
kftO. OOOUk^l. O&m&^-ZWt, lfiO. 9^ 1^1. lTOt 
5Sfc N mttl. 8^m^2. 2 £rijj| JS^S^ n fci 7 . 2^n^8. 8 ^Ml" 

&2©3B3feffc£ LTC aXiiC a -Mg©t/H< U >- gfcfe SM&IB "t" 5 £ 
tiaot^ SBft*^ b;HT\ fraHHtffi (4 7 0- 5 0 0 nm) 

Sr.i:*av^ttJb*38WH:aiaib/t„ t£oT N #3§01<£>ftb.©^ @ 3 5 0 -4 
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Eu 0 M 8 p (POJ , (BO,) 2 . q Z r [4] 
(5£f N M 8 ft, Ca^r^-^-b, Ca tMgi^ftSi^bllittfc^ 

< t fc — «©5u***8 Omo 1 %m_h£r££>;5&Jl7nSt£r*U Z(iP 0 4 3 \ B 
0 3 3 -J^^(Z)T = ^->-S^^i- D oft, 0. 0 0 3 ^0^2. l^m^^Wis P 
ft, 2. 7S (o + p) ^3. 3Wt5t, qft, 1. 2 £ q £ 2 Srtflfci- 
SSCs r ft, O^r^O. 1 Sr«tJ£-t-S«c-e*>So) 

lift, Sr 5 (P0 4 ) 3 Cl (O xmm$X/*?'-^(XBMCu KofcjWlLfctO). 

El 2 ft, M^^m GaN3R*V K^BI^m3t^SrSS«$*fc3S3tS«©— M 

H 5 ft, f»ft4 0 0 nm<75 GaN 3R383fe£V J*"— t) lltf^Sft/c^g 

m 6 ft, <£> ili 2 0^:^ft:<Z) X mm$t # — ^ (X i8MJg : Cu K a ) o 

0 7ft, *38WomfeM3©^c3fc^«5 Xi&lElJf-'-** — ^(XlftS : Cu Ka)„ 
m 8 ft, *3fi K © HJfcM 4 © li:^{£<7) X jHHlJf ^ * — > (X : Cu K a ) o 

m 9 ft> 2|s:3SWo®3S36RSMS*<^--'WSr^'t^^WllfjffiBIo 
01OI±, ^^m(DmMM5 (D-gftfcCD XWm$T'**~- ^CtMM : Cu Ka) 0 
0 1 1 ft, >fc3893©2IJ60!l6 <Bgbfc#<£> X3»Hl^f^^^V(X*iaS :CuKa)„ 
Hi 2 ft, >fc389§©^J60!|7 ©£:3te#:<£> XlHl^^- V(XjftS : Cu Ka) D 
0 13ft, fc&m<DMi&W8 <D&?fcfc<D XBmft'**~^&BM : Cu Ka) a 
Ml 4ft, &&m<DM1&M9(D&ft#<DXl&mffi'**~^(XMW:Cu Ka)„ 

in 1 5ft, ^ m <d mMm io© ^7t($© x miHiftv"* * - >- (x mu ■. cu k a ) „ 

Hi 6ft, ^^Sfi-^^ltte^^^^tt-CS'J^bfcl^cDX^^ h/H ref (A) 
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@18(1 N Sr (5 _ x) Eu x (P0 4 ) 3 Cl fc*5tt3x 254nm JfetJ 5 400nm JSbjBT"C©3S3fc!jlt 

0 1 9 (4, Ca (5 _ x) Eu x (P0 4 ) 3 Cl fcSStfS x 254nra &0 400nm MT^^T^ii 

13 2 OH BaMgAl 10 0 17 <Z) XW/^-yftllCu Ka fc&X Lfc <D) 0 
02 1(4, *BW©^MI2 0 O^^ft:© XHHlJlf^^ — ^(XigiaS:CuKa) 0 
0 2 211 Ba (1 _ x) Eu x MgAl 10 O 17 ^*5itS x 254nra 400nra Ml£2TWf§3fe 

0 2 3 (4, Ba (1 _ x) Eu x MgAl 10 0 17 Jdjo it 5 Eu-Eu mW-^^Mt 254nm Rtf 400nm 

024(4, Ba 3 MgSi 2 0 8 ^X^IlI$f^^-^(Xa^Cu K a ttl Lfc % CQ) 0 
0 2 5(4, Sr 3 MgSi 2 0 8 £> Xl0jf^^^^(X» Cu KalCfef tfc%©) D 
0 2 6(4. Ca 3 MgSi 2 0 8 ^XmHl*f^^-^(XmaSCu Ral^»Lfct©). 
02 7il H»J2 5 ©^3fcfls©X3(aiEl*T^^ — ^(X#» : Cu Ka) 0 
0 2 8 (4, D§3fcife^4 0 0 nm©G a N^IS^^V^- Kt*l§^©WJ 2 

02 9(4, »J2 6 0^:5fe#:(DX|ilRli)f^^ — ^(XBM : Cu Ra) 0 

0 3 0 (4, Ba (1 _ x) Eu x MgSi 2 0 8 t^oltSx i: , 254nm RO* 400nra |MT-etf>3§3fc3it 

S^Oil#?r^i-0 o 

03 1(4, Ca 3 Mg 3 (P0 4 ) 4 cr)X^|HJ)f^^-V(X^if,Cu Ka^»Lfet>0)„ 
0 3 2 (4, HffiM 3 7 ^m^^^X/mdlJJT^^ — ^ (XIH : Cu K ct ) □ 

0 3 3 (4, B«;K4 0 0 nmWG a N^^g^^V^— 9 RW&gtffc 

H«!j3 7, *3iTJ5J*tfeM6©^^^^3te<*:©aS^^^ Wl^m^t^ 

0 3 4 (4, ^ffi^J 3 8 (DmytPf^XUmtft^? — >-(XMM : Cu Ka) D 
03 5(4, ^ffi#!|4 0 ©^3t#:^X^|filtf^^ — ^(X», : Cu Ka) D 
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03 6tt, Eu x Ca (1 . 5 _ 0 . 5x) Mg (1 . 5 _ 0 . 5x) (P0 4 ) 2 3 x t , 254nm JROJ 400nra WiWT 

#:(350~415nm<7^;fc{£k 8 f«|gP^4'(D^^Sr^$*fc«^ N 9 «2*1t 
< 3§ 9§ £ H» -T 5 & © * & <D Jtm > 

*mWte, 3 5 0 -4 1 5 nmO^BitSll cDB3tfc ^3fcf*^l|- 

1 . (a) 350-415nm m^^<Z>M«^ft;M§3^£J$ t^SEu , 254nm 

(b)254nm(DSt)®«-eft^^?iS^^^^S^ 1. 1 ^_h, 400nm 

2.MiM*mfa^(D Eu itS^bf-l-lt^t-LS Eu-Eu RHspi&IEfStflS 4A^± llAJ^TT 

_hfB^l. (Dm&, 7k<D (a) £ (b) <D0kW&^'f > fo*>Wi&'t 

(a) 350-415nm (D\^fh^(DB}^&^, #^ 3 9 0 - 4 1 0 nm s 

$bl'{±4 0 0 nmX Mc-X^yt^Mb ft 5 E ulS^ N 254nm ^©^ftT^^IS 
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— u Ktex.X$&ytlsT^Z><DK)$ls^ 350-415nm (D^tfe, L 
TEu*Eg|JB&j&i-«i:*fl3£*HSr.i:^G>N 350-415nm <£>]§bj&igE^K:*3V^ 

(b) MrdltS^E uitgte, 254nm »MM*^ft^3§^3£fi t & 5 E u 
Jg£> l.l^±©M-efe9s 3&»O n 4OOnm^ft:fc3&3fc!aftfcft5Eu$ft£<0 0. 5 
fgp~9 ffiFOfl|S©E u-ef+S^tT/TV^So EuS^riS. 2 5 4 n m^JiljB^ST? 

£fc, 400nm T?*^fS*3lS i: 4 S E u*S© 6^T^ff* t < , 2.5 

(Dfij^ o. i~ i <om& o. i ^ij^T'E \x^m^u^t^%w^Pt(r>^^Mm^m^. 

U S&ftgStaeaMfcfc^fcS Eu <Z5#J^A A+0.09 (DtSffl^r o.oi 

Eu (DPI&B ^r^r^-r^o 0 . 01—0. 1 T?*> o fc#-^^^, B±0. 009 0. 001 £lj 

^T? Eu»^Sr^^.^^t*Jfsh©^3te3fi*^»l^b. MSilS^*^^ Eu 

5^«3©i^tt, k ft Z> EufiJ#^ N 3 Srfl>ttfctftfs. 3§}fe 

Eu jftft^J&So o. l j^T© Eu ©SH^oSfl^jasj: Di&IH 

11 



WO 03/069686 



PCT/JP03/01506 



Eu jft^bfUf £3x5 Eu-Eu f B W^i£ggf«s 4AJ^±, llA^T^feSc 3Bft9£ 

^UTlt 10. 5AJMT^£f * bv\ ftfcb Eu-Eu ra¥^£gBff*> rff H B 0 -l»<7^£ 
^^oe uMfc£N #^ J f-c9frlS-T?S'Jofe{it:©s i^fc^ 1/3 mt brwt^$ 
tL5o Eu-Eu Bgsp*&EBgf^Mi-^S is «SMft^;b;ftSm*^®-5 
ib^3fc£>. 5S)fe3tSdSiST-r5^l^^fc5o » Eu-Eu ftW^Mt/Wi-^-t 

{4 1 -e&5o 

iOtX'fcS a, • 77 ^4, 0. 5 5£*Jb> .0* b< ttO. 6^_h, $ 
ib^?* b< fiO . 65K±tfc5 0 

5 5<i£<0«£ISf^ -^tb-etL, 0. 55^a,^l, 0. 5 5^77^0. 99Trfc 

12 



WO 03/069686 



PCT/JP03/01506 



6 0 *fc, tbfefo&S-blB&fM. &$fifcLTV^3&<g\ 

tut, ^-^^^/^ B a ert©^^-y ^<£>j&|a^£T L£ 5ft4s# 

ift^#(C3 5 0-4 1 5 nmtm M)tgt©f 2©M*i LT»^ 

V^<btiP^, a q • 77 i ©tea s iftV^##&/BV^&2©#3fc#^ 3 5 0 -4 
1 5 nmOtft^oi 1 ©?S*ftSria^^5r i: T% $ bfc#*LV^te 

5tt5s -r^^-fe, ff-±$tb-f tM^^^-O^^^^ hVSr^<i-fc&T 
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^#o#/«, MfcffL absphereMSpectralon (400 nm<£> 
flg^l^LT 9 8%<D£OH-^£rJ*o 0 ) *g £^ tttt^** 

h;H ref (A) £>b (^1) T'^febtbfcM^^ Nfcttfcl-fSo 

4- j i ref (x) ax c=ai) 

K 

©T'6V\ Bl6t I ref U) <D—W&7F-fi>K ^(DWi-frtes 3 8 0 nm^M 
2 0nm©fiT«i+^feS o ittj#<7> N abs f± (5*2) XM btbSft^tt; 

4- U'I ref (A) dX- U'KD dX (552)' 

K 

I (X) f4, ? t UTV^^i^^A^Mttttfc^ 

stt*^ b/wt?&5o (^2) ©a^ttfflw: ran xfEmz.mft%mtm 

#6>frb5fc£\ ran *3,ktf (^2) ©«#f±^ ^<zv^KiFgK£<5Wc?q#K: 
iot^S. &_h«fc«?s a q =N abs /N = (5^2) / (=£1) ^l£3 0 
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iit\ n pl {^. (^3) btbs*^jt^j-r5„ 

j" 1 ■ I (A) d A • • • (5^3) 

h^^^oiS^^RB^-t-So ^'y'l'A'frbEMZfllt?* V ^<D^t£ I (A) 
^bl^< fc^-Cfe^ 0 Jlf*^ (5^3) ©fJ^©TPlf±> (5*1) <Dm&<D±ffi%: 

5 0 11 7^1 (A) (Dm^h^^, ^(DiMS, 4 2 0 nm^b 5 2 0 nm£ (5£ 

3) ^^n^m^mm^wthi~£^\ ^_t^^ «9 . ± = (^3) / (5*2) 

2|ffiOE u £ 3{ffi<Z)E u^*#LTV^§^^^^oV^Xt)|Rl^^, 2f©E u ©iH 

l&T>*3<£#Mt<H5lfc1-^ t LV\ 

«F^IS3^^ax'&V^35S. ra^ft5r^WtU<, TIB— ^ [1] ~ [4] 

©^m^*^r*t-sn*ta^'t-s i fe© (kt, r— [i] ~ [4] ^asttHtaj 

£B&-r^£tf5S>3) ^&1^5j;^tU<, f'tft, — fl£5£ [1] ~ [4] 
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^fc, 3 5 0-4 1 5 nm©36S:3Stt5»10**fl£i, 

E u a S r^ 1 ^ (P0 4 ) c X d [1] 
MMlEu, S r ^<D^JR5n*Sr*i~o M 1 LTtt. 3§ft3*&S#<^®^ b , 
Ba N Mg s C a. Zn N *5 «t tPM n (D^ft ©M 1 £ * 5 fJ^^ 7 Omo 1 % 
J^Jbti-S r t frlfrtL b< „ ^t>B a s Mg, *3£tFC a (D^I+^M 1 £ £> 
6S'J^^7 Omo 1 %fil±i:t5ii^U<> B a, Mg, *3«fcl*C a <Z)^ 
W-OMHCtSftSSPJ-a-SrS Omo 1 %^±i:t5^ t*S3£^* L<> M 1 ^^ 

T&Ba. Mg. Ca. Zn, jo J; tKM n^b^SS^bl (=f H %> / Pi£'s — 
m<Djumk1-Z><D&£ bKifrti b< , M^f-itSrBa, Mg, *5«ttJ«Ca^ 

■^mTuM^'^^MBnil^^s S r^^tLb5f^S5ci (Ba, Mg, Ca. 
Zn, fc^O'Mn) h IrI C«U W 2 |ffi©MS*^ & ^5 . Miftfllat 

llf*rtfet§:^<fc5m^'fb#/^^^^^^^Sit*-t:\ lffi> 3 fa, 4 flu 50. 
3Ui 6 flS^O#JR5n#&4>*^A bt -oO^^rf If 5 t , 

Sr 5 (P0 4 ) 3 Cl:Eu ^^teflc* (D Sx 2+ (D— g|55r#^/KD Li + £ Ga 3+ l?m#li«aiP:<H*^ 
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n^W^, 7klt-f^-^ (OH") fcif#ai*tf £>ft3 0 An^tyilT 
I4C1-, F~ N B r "f ^^if 5 i t ^"Ct f t L < I4C 1 "^1? 5„ 

Sfrft^^Blfcbx X<Z) 5 ^<£> 5 Omo 1 %£*JL. 03c b< fi70mo 1 %E*_h N 
#t£0£ Utt90mo 1 %Pi±^^ n ^ W t> i 1 5 i i LV\ X £: 

UT7K^-r^-^Sr-^Ayt?V^Tt>«tV\ ft t>0* bV^$l^*5l^Tfcfc N X©H 
© 5 0 m o 1 7 Om o 1 %&>± > £ fefcf*9 0 m o 1 %£X±.&C 1 

— #x5£ [l] ^©Eu(Z)^MUf^ 0£<9^:#<, a + b ^ 5 

3„ a + b = 5<DS&^{3, — [1] (D^fateM^-^bfti^ £ 

£&5 D ^l^-fi, 0 < a < 5 £ U Ittt a ^ 0. 00.01, 0*L<tta 
^0. 0 0 1. & L < a ^ 0. 0 0 5 ^i~5iS, 3§)fe3£^<E>®;&> b . 

ii^-a^O. U fflKfta^O. 2, L<l±a>0. 2, £ b 

^b<f*a^0. 3iU a^0. 4, £M-»a^0. 45fct5©^ 

SrfcifrS: LV\ ^^-t,^ tyt'feS E u 2+ ©^;Hi a t ^ 

m&'bis < fc5«iRjfls*>S„ £7c, fc£ & tea v^£, £: tTOtt^ 

* b < a ^ 3 . it) 0* b < fit a ^ 2 . 5 . b < a ^ 2 „ ft^S 

b<fita^l. 5tt5. 

£fc N a>0. 2 S Hl'tta^O. 3 © t> © ^ffl V^ 5 £ N ±1B<D 3 . ~Bl&/% 

t\ mxcm-iz bl\ 

Mia— jRS: Cl] ^(O S r ©^e/Wfcb ft, 0£U:,i?*t<ttOj:!)^<, 

a + b ^ 5 irJ&SjftTfcSo IfrWtli, 0 ^ b < 5 N 0* b< J*0 < b < 5 t 

U Itdb^O. 01, iftKlib^o. b *&lcff*L<lib^O. 2 

t-i-ztK mytmmmcDmfrb, b^3. #icb^4^i-s©*sflbt>0*bv\ 
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LTJKfS&lftSr k V 5 ^^Hc^TEu b < 5&J:IE£i-5Jfctfci$:*:# 

— Ix^ Cl] fcSSV^TWu ±&<Da s h (D^m^Mx., a^O. lMb^3 

M^i"tL^ ( 1 ) a ^ 0 . 1 J.O b^O. 01. (2) a ^ 0 . 1 io b ^ 0 . 
Is (3) a ^ 0 . lJaob^O. 2 N (4) a ^ 0 . 2lob^0. 0 1, (5) 
a ^ 0 . 2lob^0. 1, (6) 0. 0 0 0 1 1a, Iob^3, (7) 0. 0 
0 1 ^ a „ .Ro b ^ 3 N (8) 0. 0 0 5 ^ a , J.O b ^ 3 N (9) 0. 0001 
S£ a „ R-0 b ^ 4 N (10) 0. OOl^a, J_o b ^ 4 s (11) 0. 005^ 
a. Iob^4f^if5ii^-e#5 o 

fcfcU 3S3fc!Slft«r$ < *389ite:i8V^W:, a^o. l 

Rtfb ^ 3 L< N n©j£fco^-C a S.U«b Oft 

©0^ bV^^*3^:Sr5!I^i-tttf , (1) a^0. Hob^3, (2) a ^ 0 . 
Hob^4 N (3) a^0. 2£ob^3 N (4) a^0. 2£ob^4f^^ 
if5:im5,,#^ a >0. 2Mb^3©^iJ£$t§rdaK 
«fc «9 3§#;3j§^£r:*;# < -f 5 i©^ov>ta&t)«b©fo$ 6>^0 

* LV^ja^^fc^rSr^^-f ^ff s (1) a>0. 2 £0 b ^ 3 N (2) a>0. 2 
lob^4, (3) a ^ 0 . 31ob^3, (4) a ^ 0 . 3lob^4 N (5) a 
^ 0 . 4lob^3, (6) a ^ 0 . 4jLob^4 N (7) a ^ 0 . 45lob^ 
3, (8) a^0. 4 5lob^4fW5ii^#5 0 

cf± % c^2. 7, |fll<|icg2. 8 S $ b< fie ^ 2. 9T*fc 
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9, c^3. 3, £f;£L<tec^3. 2 S ^WftL<ticS3. 1 &m&ir 
5ttfe5„ ^LVll^itTI^ 2. 7^c^3. 3.0*L<tt2. 8 
^c^3. 2. 3 bfc0*U< F±2. 9 ^ c ^ 3 . l"efcS 0 

£fc N dfi. d^O. 9, b< H:d ^ 0. 9 3. $ b L < tt d ^ 0 . 

9 5T?*>!K d ^ 1 . l,0^L<ted^l. 0 7, $ bti:0*b< ttd^ 1. 
0 5 Sr«St5ltt?fe5o LV^€i LTI^ 0. 9 £ d £ 1 . 1 N £f £ 
b<«0. 9 3 ^ d ^ 1 . 07 s Sfcjz:0*b< ttO. 9 5 ^ d ^ 1 . 05tfe 

o 

— [1] (DK^^Eu a Sr b M 1 5 . a _ b (P0 4 ) c X d ^4oV^rtt, ^^«^#/>^C 
TV^Tt>*iW©®3fc^4l6^-^:*'&J^^W s 'feV^05-C % _blBa,b, c, d ©^5*;©*K 

— ^fc A 5 (P0 4 ) 3 C1 (A ttT/Kfc y ±3S&«) O^H B H tt, ^fi#3SSri:!3 N ^<E> 

— jR5£ C l ] ©^ H a e tB©^ H B H *3ttes ii^_t1E^bfc A 5 (P0 4 ) 3 C1 *5tt?fcS 0 
El 1 iCft^ftsfc Sr 5 (P0 4 ) 3 Cl (DX^ISlW^^-^^^i-C^^X^lHlJIfT 2 '--^^-- 
^ J; «9) 0 Sr 5 (P0 4 ) 3 Cl CO S r M£« N B a, Mg, C a , Zn N Mn#© 2 

m&m&fc^Mmnm-ewmz^z r. *fc, ^s-e^^ff. Na^ 

-«« [1] ©«&*ffi«r^i-«*3fe*^ Il©I»b©3 5 0-4 1 
_bfB 3 /Xf* 4 co^^r^fci-m^^^S H 2 ©|§^f*», 

m^f^tbSWitT, — jRS: [i] <D$kytfc(D*x*%lfri£V^h<D$: 

ifc^tb3f6«ffirRjfc*>5o 
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M 2 (e . ex) M 2 ' ex Eu f M 3 (g _ gy) M 3, gy M 4 (h _ hz) M 4, hz O i [2] 

-ffi(D&m7Gmx*hy, -flu x\±s ^mm-mwm^m^o. 9 2 am 

±(DZlttW^J15S* Cf&U Ba, Sr, Ca, EuftK) U A^^J^ 

(IK, Sm. Pb. NaftifaS^t-f b*L5„ M 2 f"^ bR^M 3 ^ h IZ1*3 

^^^S^V^T, M 2 ' <^M 3 ' ^Sr^SUbTV^,, 

^3fe3SS^^®^bs M^M^O^tH-^&S B a „ Sr. fc^^Ca©^ 
ff(7)M^^8 0mo l%K±it§^i«L-<, M 2 £M 2 '<Z>1^th-££>3 
B a 0?ffl<£tfS 3 0 m o 1 %£jL±"efe tJ . fl>0, M 2 t M 2 ' (D^tH- £ £> 5 S r X 
»C a (DfJ^^r 2 Omo 1 %K±tt5^^^bl« UV^ 0 

EtfcH#H 0 . 9 2 A*H©Zi©MSi (f U Mg, Zn 

35ft3k£«©B5fl>^ M 3 £M 3 '<P'g*fH2:££>5Mg*5J;TJ ? Z n(D^ft(Z?SiJ^ 
^8 Omo 1 %J^±tt5ri^3*bV\ 

mx»fov, ^t<ttAiT*>5. 

M 4 'teu HttO^RTt* (ft, Al, Ga. Sc»»<) JMfcftK: 
ttY N In, LuftiftfSaiMfbtLSo 

±5lR^Bft'fb*©3feJ|i'fbSr|btt*BW*T?, M 2 ' *5«t^M 3 ' t LT lfl5. 3 flu 4 
flu 5 tiff. X^6«#(Z)^M7C*%> M 4 ' atlfe 2fl} s 4 flu 5fff N 
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6 W©^JR5n**.*»M©a**a^V^H^ N ^*^bTV^T 1 b«tV\ 
— OOM&^tf 3 BaMgAl 10 0 17 :Eu %;%W-^(D Ba 2+ <D— ?|5£r4g^E-/KD Li + 1 Ga 3+ 

— *t$5£ [2] tfcOE u(D^;V\k f fi N f^O. 11, IflKttf^O. 15 
-QhK), f=SO. 9 9.0*L<fif^O. 8 5 *m&1rZ>%kX*hZ> 0 

e f£ N ( e + f ) ^ 0 . 9 N ftS. L < ft (e + f) ^ 0 . 95, frt. U < it 

(e + f) ^ 0 . 9 8 T**) 0 N (e + f) ^ 1 . 1, b<tt (e+f) ^ 1 . 

0 5, £ «9 i: L < f± (e+f) ^1. 0 2l:l^t§t"efc5 o 

gte, g^o. 9 N g^i. i. %m%:ir%%k-?$?%o 

hf± N h^9, h^ll, *StJ£-t"aftCT**>S„ 

i tt\ i^l5. 3, i^l8. 7, SriS§J£l-5$:-Cfo5o 

x (3, x ^ 0 1? &> t> n x<0. 2, 03* b < x ^ 0 . 1 % i!3ftl<(ix 

^ o . 0 5^iMt5ftfc5 o mz&ti uv^(D«x = o-efc5 0 

yii, y^OT*&<9, y<0. 2, #?*L<tey^0. 1, iHff Ktty 
^ 0 . 0 5«r«rS"t-S*T?*>«o tiulff U^fty = 0T*fe5„ x *3 J; t* y # 

zte, z^0T?*>!K z<0. 2 > 0^b<f*z^O. 1, i^tKttz 
^0. 0 5 ^rWJEi-Slfc-efcS,, #^0^ LV^Otez = o-efes D 

BUlB^ [2] CDK^ B B H M 2 e Eu f M 3 g M 4 ll 0 i ^*3V^T», # ^ti^£*^ 
^^^^CxV^X^^@l^(D^^t4tg^+:#^^#/5S^v^(D-^:\±fB(e + f ) N 

g, h, i o^^;<D^ffl-e^ffli-§- kfrx*%z> 0 

—$BtK BaMgAl 10 0 17 O^B%f*.^^t#^^i: "9 > ^(DQ^mfe P6 3 /mrac -?fc5 0 
-^[2] T**$H5^#5tfis il^JblE^Lfc BaMgAl 10 0 17 «3£-efc3 o 
HI 2 0 ^{-t^^J^ BaMgAl 10 0 17 ©xm[a|Jff^^ — (t^XM^--^ 
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-*£V) 0 (Ba, Sr, Ca) (M g , Zn)Al u O„W^ Ba 2 \Sr z \ 
Ca z+ te s Al 3+ 1 0 2 -fr £> 3 * tr*/^ n^tfyFMyf^ ^fcffTOJS 
|£f U Mg 2+ Xfi Zn 2+ ». -^(7) Al 3+ %«^bfc{ig^fe§„ Ba 2+ -^-T ft Mg 2+ 1^ 
m6fi<0fifc*IBte5:gtt'^5 o Ba 2+ lM h ^ b Ba. Sr N *5j;tJ*Ca N -^(D-ftil 

9 WBa 2+ t-f b^Ba, Sr, C a J^<DZ:flS#JR L"C % > 

\zm^mm^^^-^(D^\ i^ts-i^^s. Ai !+ t^K:MLMgi: 

© £ 5 4ftA 1 3+ 1M MCG a , Bf©HltI^ItUTt), 38#5££tejg 
— [2] ©^ffiSr-^Wi-S^^^N il«W^©3 5 0-4 1 

BP^ BaMgAl 10 O 17 ©3fe*4ftti!E*P"Cfct) > ^©^© Ba f--f Ca, Sr, Eu 2+ 

m(D$L<D 2 {ffi^JS5n*^ s Mg h \C Zn #£>ft!L<£> 2 {ffi^*7G*Xg^ L 5 6 - 

bfe£ubtix^% 0 £fc BaMg 2 Ai 16 o 27 ^5^^.a^?rWi-5^K^Eu 2+ ^Bm$ 

^fcfeSCt&Jib^TV^o tfMtlcBlfrS B ai _ x Eu x MgAl 10 0 17 ^S^ffi60m3feft:> *3 
«fct*&#fcB8frS*SC B ai . x Eu x Mg 2 Al 16 0 27 W\ t^7^©f^)fcf^fri UTt 
ffi 5 % Hg 254nm ©ffi^j»*C®3g$^t»3ti-S - t SrflJffi 

/Wfc^O. l£ATOi:#-e&So {09*.^ B ai . x Eu x Mg 2 Al 16 0 27 toV^Tfts Pho 
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sphor Handbook (Ed. by S. Shionoya an 
d W. M. Yen.CRC Press, 1999) ©41 8^<— V^IB*; 
&*L-C*3»K B ai . x Eu x MgAl 10 O 17 ^OV^tft, ^{tL^^C ^T/V% V ±1^17^3; ^ 
&mz.£Z>$ky£fc<Dfflft} UK^ZM, 2 0 0 O#0 05 5 £ flX 

r©<t 5 &rji|gcD Bao^EUdMgAl^^d GaN ^ LED 3> <D 350-415nm (D^t^WM 

lt%, ^ais:3Siv^feis^tt#e)^^ofc 0 ^mm^m^. B ai _ x Eu x M g Ai 10 o 17 

^^joV^T. f|7^i: UX-Kffl^tbS Eu ^/V^ = 0.05—0. 1 tV^5^^t?^ 
<, EuM^O.l in^<t5h 350-415nm OftM"^ ^^^3t<* 

ft, _btam^#:^ s ^i&oTV^Wfe^^Eu^r/HrbO. 05-0. 1 <DM&,&^ 
tSBaMgAl 10 O 17 : Eu^|)fe©Y 3 A 1 5 0 12 : C e fcjfctfcU #M^J^ 
4 0 0 nmMO^ClgiaoT^t^MSW- i: «r*n#U*:£. 

<*88S3> 

M 5 j E u k M 6 1 M 7 m O n [3] 
M S (± N Ba N Sr. jo J; t*C a ^ ft § &fr blff^S 4>ft < £: — «©tc 
i^itt'9 0mo l%KiJlb<l±9 5mo 1 %mir^tr^lS5nS?£:*i-o 

5ri^$5. M 5 £LT. B a It;/Xft S r ^tf t5 ©^Wt L < , B 
&£^8*3ftfl^£©/£a>b> S r t*ff« B a ©*^ftfi^ L< ttO . 05U 

^/WfcteMPS^&S) tf s s 0 * L < W: s r JrfB^r/WfcSr l o o & 
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t9 0mo 1 %^Jc,0* U< »9 5mo 1 %^ir^£f#IS5S*£r*-^o 4"^?%. 

M 7 «, S i *3 it^G e frb-fr&ffifrbm&tlZ^teK t %-10tc*I:M 
X'9 0mo 1 %JBA_b N 0* b < 9 5 m o 1 %^J:, i 5 0* L < tt 9 7 m o 1 % 

M\ M\ M 7 <£ (D^Htc* £: UlOmol %£:_hP&, b< ft 5 m o 1 % 
^xllCBa, Mg, S i kmVffiWts Wh^m, 2{ffi, 4 «O^JR5n*^^^T 

^ * h § e u 2 "(om^(omPf^m^ <t s <d^^ ^ it^t 

Hffi, 3{ffi, 5{ffi, X(±6{ffi^(D^ffi7n*^^*^ALT^S:V^ 0 M« 
if 5 t ** Ba 3 MgSi 2 0 8 : Eu 3bfeft*<£ Ba 2+ Xte \kg 2+ (D-^m^ ^(O hi* t Ga 2+ T*m# 

j tt, j ^ 2 . 5 , £ b < ft j ^ 2 . 7 , £ K> friz b < j ^ 2 . 8 , £ 

— Jlx5£ [ 3 ] >f <£> E u (D^/Uft> k ft, k^O. 0001, &■§■ Ktik^O. 
001, ±5 0^ L<ttk^O. 003 Trfo «9 , k ^ 1 . 0 , 0* U<l4k^0. 
5. i9jftL<l±k^0. 3. $&tz:0*b<«:k^O. 15, 4#fc:0t:L< 
ftk^O. 1 ^Ytei-6^C1?&6 0 ^Wtytfc5Eu u (D^HtkM 
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^mtL-r^tmi-^ bv\ 

1 fit. 1^0. 9^IKI41^0. 93, §b * b < t4 1 ^ 0 . 95 

-?& y> N i N 0* b< f±i^i. 07. § b< f± l ^ i . 

0 5 Sr«rJEi-S*T?*>So 

m(i N m^l. 8, 0^b<f*m^l. 8 5, £ 6> b < ttm^ 1 . 9 

fctUm^2. 2 N 0^b<«m^2. 1 5 N $ h \ZL& * b < fim^ 2 . 1 SrW 

ntt, n^7. 2, l£ b < fi n 2S 7 . 4, $ btSft L< f±n^ 7. 6. ft 
fcU$L<ltn^7. 8 <9 . ;£ n ^ 8 . 8, 0* b < f± n ^ 8 . 6, 
b< fin ^ 8 . 4, M~h0^ b< fin ^ 8 . 2 5 

TV^„ Ba 3 MgSi 2 0 8 «3tRtJ« Sr 3 MgSi 2 0 8 fl*5tte. Jlfctff fcW: merwinite #jtT*ft < N 
■^<£>«MI5t£%x. btL^>c Ba 3 MgSi 2 0 8 t#5gi Sr 3 MgSi 2 0 8 *jti: tt*4^*3RTife 9 , 
-^HbCO^T^^Cfi, ii^-^^^tt a=5. 5A S b=9.8A s c=7. 6 A, X^a=5.4A, 
b=9.6A N c=7.2ASSt*fc5 D Ca 3 MgSi 2 0 8 #i£fi N fM^, ffiWP P2 1 /a T?*> 
9x <&^jfefcfiii^\ a=13.254A N b=5.293A N c=9. 328 A^g£X fo & a 0 2 4, 
25, RU2 6 ^ N ^fo^tl Ba 3 MgSi 2 0 8N Sr 3 MgSi 2 0 8 . Ca 3 MgSi 2 0 8 <D XHIeISt 

Ba N Si\ Ca, ^<Df&<£> 2 flS&JRttasiSlV^H* 5 jftfiMKHaSjEV^TN #!3t 
3&SaEV^#&£>*L3„ [3] ^£ft5^3fe#©>fiNMBtt\ ii3tBa 3 MgSi 2 0 8 

#5ts Sr 8 MgSi 2 0 8 *3t> Xtt Ca 3 MgSi 2 0 8 #3t^Wo^RfC^J-b#^lJi: bTE u 2+ 

fc:Jo s Ba 3 MgSi 2 0 8N Sr,MgS ijO.^Ogift-tO^OftU^ife^ 
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^frlb(Dft(DB a N S r # Eu 2+ # <D fife <£> 2 flfi&JS5c3ff -T?Bife & Jx 5 5 £ h %^P?) 
HTV^ 0 *359lf*N 5 fe© Ba 3 _ x Eu x MgSi 2 0 8 ^ Sr 3 _ x Eu x MgSi 2 0 8 ^cDfl^lfl 

^Sr^tffltrlB— [3] cD^^m^^#i-S^ B 0t@^^S^f*^ N jgi© 
^»fc©3 5 0 -4 1 5 nmO3fc<0RgJH-*glta i: . {ttL<£>^3te&«£ U ^Hig 

frtt, -M^ffe|*©B a M g A 1 10 O 17 : Eu^«©Y,A 1 5 0 12 : C 
— *»5£ [3] ©3^^Sr^"f-S^^«s il©^»bO3 5 0 - 4 1 

<«88U> 

Eu 0 M 8 p (P0 4 ) q (BO,) 2 - q Z r [4] 

Omo l%Ji(±©M7cilrito M 8 tt N C a iMgO^WSC a©H 
£•#5 4 Omo 1 %«±tt5i^U t)^^ b<. M 8 ^CaiMg^b^5il 
7b*bmt&nfiL'>te< t ^— 5B<E>5n*T?S> t) > tf>oC a 3:4 Omo l%^_h^if^ 

f^#«Ii^{i&V^ ca s Mgil^Cffif, BP*> 2tifi<z*&M5c^ MitfS 

r s Zn\ Ba N Pb s Sn N jlfl L< [iS r, Zn s B a $ * 5 £ s 5ft 

2+ OjtM0f(D@#:|^llj£t5c^ «t««-g'ife'fb1*<^j|§ift'fb«:J|btt«iC*"CH M^O&JjS 
Tuffti: LT lfffi, 3tf N 4flfi N 5 {EEs Xtt 6 fa^©&JR5n#*r4>*3*A It & 
V\ — o^JSr^fetf 5 fc N Eu 0 . 15 Ca 2 . 85 (P0 4 ) 2 f^^©C a 2+ ^-fP^^ 

26 



WO 03/069686 



PCT/JP03/01506 



z ri p o 4 3 \ b o 3 3 -^<z> r ~ *^mx° ib t> s ^W- to tts *^>r ty(oH-), 

Tf*> S i 0/\ S i 0 3 2 \ T i 0 3 2 \ Z r 0 3 2 "^. ^P^^^iUit 

— [4] ^oEu^Mbod aHfettfc3S3te9ft*^^ffi^&N o. oo 
3JBAJi. ^*L<f±0. 015£i±-Cfc«5 N LTF±, 2. l&T. 0 * L 

< ti 1 ^T<£>^T*&3 0 IDtf'L^ t y f fc 5 E u 2 *©* o /5vh ^ f ^ 5 i s 

pfi, 2. 7 ^ (o + p) ^3. 3S:?RJ£-t-SlS:-CfeSo — ^ [4] ©I* 
^ h Eu 0 M 8 p (P0 4 ) q (B0 3 ) ^ZrtSb^m Z^Mfei tTilt 

fc^os^^^^^-^-^-^Sfra^^b (o + p) as3-e*>*tf^ tf^a-^ifi 
ytmmmoffifrb, ^l<i±i. 6£a_l-c&3 0 stria— ^ [4] ^kiss^t 

P0 4 StB03i^©7^yZO*;Htr(t O^r^O. 1 ^vt^i~§ 
0. 0 5^Ttf*>5o 

E u 2+ -t?#^^tLfe#)Kf4 N ilST© 2 5 4 nmja©^C^i: UTft^fl b ^TWd 
otH4t5MI^ A 3 (po 4 ) 2 (DT;vtiV 

±lMA©Hiaot^<^^ ZLCDAz (P0 4 ) 2 : E u 2+ <7) 9 C 
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alftC a -Mgit^-^^^^^^rAi: LfcTO^, 3 5 0-4 1 5 nmBi)fe 

*||PjT*ffflt5f^»> — ^ [1] ©^^tl^-atf^^^M 1 ^, XI, 
P0 4 I, S r m<t>{k&1tt>ELV&&yt x t s M (Eu) (DjuMM^t^^, — )tx^ 
[2] (D|^,affi^^m^f4M 2 M. M 2 ' M 3 ?J1, M 3 ' U, M 4 M, M 4 ' $H<£> 

fb^&tfisft^'fr-f ^a-^ (eu 2+ ) (DTumuit-B-m^, — j&sfc [3] o^^+b 
^^m^-nM 5 m, m 6 w„ M 7 u<o^m^%%^M ^ri^ (eu 2+ ) (d^ 
mmfc&®>*. —ml^ [4] <D^m^^^nM 8 m, po 4 «, bo 3 s, 
zw-^it-B-'^^Lnmyt^p't^ (eu 2+ ) (D^mui^^)^. /n^-^-^/k 

» * ^ r tb e> <o it&m * n 7L , m^mw^mm^mm <Dm#m&m&m^x mw 

n ti h <o (o -e s # ^ > 3§ ft 4 1 M Or 1/ (D in mmit K 33 v ^ x it, 

v^©«t<s fo<DKmM4k&mte&^x±mzm—ftu&&nbftz> 

(Diffiia^h V^ff©fiiWC\ ^7 0 0-1 7 0 0^ »*L<«9 0 0 

~i 5 0 o°c(oumx\ mm, — mitmm, -mitmm, mm, r 
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M 1 ~M 8 ?HU M 2 ' ~M 4 ' M, S ri, *3 «t XIK u M<Dik&m t Lt M 1 - 
M\ M 2 ' ~M 4 ' , Sr. fcj:0Eu©«-ttts *ggH£> 

SrlM^LTIt Jtrffclft^tes SrO, Sr (OH) 2 -8H 2 0, Sr 
C0 3 „ S r (N0 3 ) 2 „ S r (OCO) 2 ■ H 2 O, S r (OCOCH 3 ) 2 • 
0. 5H 2 O. SrCl 2 

BaSft^Htit JMfclft^te, BaO, Ba (OH) 2 -8H 2 0, Ba 
CO, N B a (NO, ) 2 , B a S0 4 . B a (OCO) 2 • 2 H 2 O, B a (OC 
OCH3 ) 8N B a C 1 2 WlfbtlS, 

Mglft^ftiUtt, AfrW^H:^ MgO, Mg (OH) 2N MgC0 3 . 
Mg (OH) 2 • 3MgCO s • 3H 2 0, Mg (NO,) 2 • 6H 2 O s Mg (O 
CO) 2 • 2 H 2 O, Mg (OCOCH, ■) 2 • 4H 2 O, Mg C 1 2 m&^tf h 

CaSft^iatlt CaO N Ca (OH) 2 , C a C O s N 

C a (NO,) 2 • 4H 2 O, C a (OCO) 2 ■ H 2 O, C a (OCOCH,) 2 ■ 
H 2 O, C a C 1 2 *$&mfbft<Z>o 

Z aSMt tT(t N Z nO, Z n (OH) 2 N Z n CO, s Z n (NO,) 
2 ■ 6 H 2 O s Zn (OCO) 2 N Z n (OCOCH,) 2 , ZnCl 2 ^^^if h 

Mnlf^ii ITIt Mn O z , Mn 2 O s , Mn 3 0 4 . MnOOH, Mn CO,, 
Mn (NO,) 2 , Mn (OCOCH,) 2 - 2H 2 O s Mn (OCOCH,) ,• n H 2 

O n Mn C 1 2 • 4H a O#^tf bttSo 

29 



WO 03/069686 



PCT/JP03/01506 



E u 2 + (Djtmmk^%McVf&)\Z.M^th^ s Eu 2 O s , Eu (OCOCH 3 ) 
3 • 4 H 2 O s E u C 1 3 -6 H 2 (X E u 2 (OCO) , ■ 6 H s O«^»f b^So 
P OiELiDfc&Qsb UTf* N M\ M\ Eu N NH 4 |0 V ^7k*i&. P ^Sfe 

8u ^ * v fnuyii, p 2 o 5 . px 3 , px 5 . m 2 po 4 x. y ^sfe. 

E3*!>|ftift N A/iN^M. -*^lfejft. 3EJfc#ifc!WK BMb**3Sf3E 

iMts******?* bv\ 

xm<O4k&%0kl,X\^ M X X N NH 4 X, HX N M^PO.XWif bfl% 0 
ZM(Dik&mt U)tM 8 2 S i 0 4 ,M 8 S i 0 3 ,M 8 T i 0 3 ,M 8 Z n0 3 , 
M 8 F 2 ,M 8 Cl 2 ,M 8 Br 2 , NH 4 F s NH 4 C K NH 4 B r , HF, HC 1 N 

hb rmtfimf 

r.*bb<z> fc*NU£s SJ^tts .&t>\ jSfe^tcteJtSNO,. so s W 

*3swj-*3v^Ts mm^m^^mM-r^mi^mytm^, ^350-4 

1 5 nm<£>ft$:3B£i-S 0 0* b < 3 5 0-4 1 5 nm©|if^^ 

ft£3 9 0-4 1 0 nm^t5IS^t 0 --^^*^^r-t-S^^^^-t-5H^^ffi 
t5 0 fglOlS^ffc^^Mi: bTWu 3S3fc^^"—K (LED) ^fctel— if 
-^V^--F (ld) ^Sr^rfsr £#-c#<5„ i»t*^>*v^t»,t!Jff* 
b< l±U— if— P4 3r— K-e*>So J &<b"t'T*,G a NJNfr^^frSrteJB bfc N 
GaNlLED^LD«U\ ftifftb. GaN^LED^LDft ^LOft 

36S#e>ttS^b-C*)5o Mill 2 0mAOl^f(^U MGaN^ttS 
i C^© 1 0 0{&J^±(D^^5SS^Wi~5o G a N^LED^LD^fcV^ft, 
Al x Ga Y N383teJS. GaN3S)fcSx * fctt In x Ga y N ^ bTV^S & ©#0* b 

30 



WO 03/069686 



PCT/JP03/01506 



V\ GaNlLEDWtlt h <0 4>t? In x Ga y N &*CtZ % ©^18 

^5iS^^^5|iV^(D-e. #t^f*b<. GaNlLDm^ll In K Ga Y NJl£: 

&*5 % ±|BJZl^-CX+Y©fl[tt3amO. 8-1. 2<E>*&B©4ftT?*>*. G a 

LEDi^t, rtib^I^Zn^S i Sr K^Ltto^K-^v Mt 

ofe©a s **#14*P«i'5Jti-efi : * uv^to-efeSo g a n^ledi4^?) 

3§7£Jfs pi, nJS, mm, $5£X*m%i&&*mf&&&kl>tz.i>(D~?1b*), 
S«r nmt pS» Al x Ga Y Njf, G a Njf, * fett In x Ga v N Sft if-CI^ hM y 
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<E>3S}fe#: N 2 (if 1 ®^3tf$ i lt<DlH*lG a L D , 3 tZm&.&&iT 0 
J^U LD2©|g*ffi±l:l2©»^*iI (M) £*Tt>&V\, ilft 

sb^o^v^i?i#^3tSrfc5feftfl3f'c?#s^>"eN ^2©B^i tt, Stria 

fi N Sp^JK^SO. 5 — 1 5 Mmfl^<D^<Z)^fflV^ft5o fU^^f* 

O*^tiOTt^5 0T\ Sp^#»0. 8~5/zm^0^L< N 0. 8 — 

l&O^fr^-f 5-tO»0**tt;W:> iiS 10-95%, 0£ L< n 20-90%, $ fefc: 
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#3S9!©3§3te^gfcJ:, L-XCOmm^Pft^ 350-415n 

53 5 0-4 1 5 nmCDifc&KUXL-C, ^ffi^^ J; b"f ig&W g. < N 

-4 1 5 nm|S3fc^)^m2^|8^^^^i-S3S^g©— llliM«r^i-«S: 
^JifMigT*fet)> 4(i|i^g s Sfi-r^^MJ-K, 6 t±4 U — K> 7 

teH 1 ©3£}t#:(3 5 0-4 1 5 nmcD^^f*), S fe^ 2. (D^JtW- b LTOf3fc 

b&Sffl <D?§3fc#:(3 5 0-4 1 5 nmB3fe#0 7 ^(D_L^ N it^ffc^/K 

^mm^T? v^mmmo)^ ^d?—\z.m&, ^^ft^i^tp 

£ k \- <£ «9 2 <D|§3fefr i: Lt^ $ fif-^%W^mmU 8 T?M $ 3a 3 r t 
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3 5 0-4 1 5 nm^»^, ^<D^%(D— 

myttmbfri, i©wtS9 9?rUiLT, Mi^-mit^, f*^- 
<mmm> 

i2~i7, itmmi, 2^3ovnt, tmmytmm a) wnot» 
myt^m* loot vtz.m(Dmytffim(D±% $ &^i- D m»j 19-23, j^is 

M3tfcV^T, (i) fi> IfcRfcl 3 (D^^ift:©, 4 0 0 nmigfcj; 

»M2 5-3 5. it<t£M4, 5^&V^T, fflx^iftM (i) tt. tb>MJ4<Dli: 

Tfe^^s^^s^ i o o t L-tcm(Dmytmm(D^ ^^m-Tommm 37-44, 

^^^•^S©^:^ £ 4 5 — 4 7^*5V^T, t@*f^S^ 

ffim (i) 54, »J4 OOfttO, 4 0 0 nm®j^EjoJ:tJ«2 5 4 n mJgjjtB^tL 

^tix*<Dm?f£&m& loot ^tc^(Dmtt%m<D±% t$&igtir 0 
mmm i 

SrHPO 4 ;0. 1 0 5 5 ^/K SrCO,; 0. 0 3 5 2^;K SrCl 2 ; 

0. 0 17 6^E/K fcctt^E u 2 0 3 ; 0. 0 0 8 8 ^e/I^MzK t T/W5^K 
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m.mtf*mT, 1200^2^ Mtsritafii^u §l#^v^T N 

7K?5fe#, Htm. RXfft&tHim&ft O^kKXV) jgftfc Sr 4 . 5 Eu 0 . 5 (P0 4 ) 3 Cl £®J5£L 

© sr 5 (po 4 ) ,ci (d ^ n t teihmmm *c - u t v ^ r t a* a > 5 „ 

H 5 \ZL S G a N^^t- K0M*tS«©±jStft-e*>5 4 0 0 nmT'i 

ft- 1 fc, G a N3MS}fc^f FCM«©±tfi-Cfc5 4 0 0 nmT? 
r©m^#:^®i*3bfci:#(D|g7fet 0 -^<D^*> tS^^^^S UK &t>\ Kit 

Sr (5 _ x) Eu x (P0 4 ) 3 Cl fcWU ^^(D^^^m^ a=9. 859A S b=9.859A N 
c=7. 206At LTWtlf bfc^{£1&^©f$:«£ x^b, <9 <D Eu cq 

{|ilft<z)«*:£>sr. © «cq ^ ^i/3iux Eu-Eu re TOSPif & L i r 6 N 

Sr 4 . 5 Eu 0 . 5 (P0 4 ) 3 C1 \Z *3 it 5 Eu-Eu fH^i^Hi fi N 8 . 5 A t? *> o ft. 

mmm 2 

tfc&^JBUN-STs SrHPO,; 0. 1055 ^EvK SrCO 3 ;0. 0176^ 
/K S r C 1 2 ; 0. 0 17 6 ^EvK feit^E u 2 O s ; 0. 0 17 6 ^JU kW.Z-fz. 

ew*. mmm 1 1 mm^ LT^^^sr 4 Eu 1 (po 4 ) 3 ci ^mmvti 0 

<D Sr 5 (P0 4 ) 3 Cl (Z)^rtLi:^*5t6<JlJ:— ®[LTV^S ~ £tfSfc>a>3„ 

G a N^I^^Vt^ K©3f?^««©^St^"e*>« 4 0 0 nmT^©W 

Eu-Eu ^qZ^Eggffi. 6. 7A-<?&ofc 0 
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mmms 

ftTL&WMZ: . SrHPO 4 ;0. 1 0 5 SrCl 2 ;0. 0176* 

/K jo J:I5E u 2 O s ; 0 . 0 2 6 4^^if^»^ 1 t WlW. K UT 

^*frSr 8 . B Eu 1 . 6 (P0 4 ),Cl £r®3gbfc 0 

<D Sr 5 (P0 4 ) ,C1 © ft t It *#* l!:-StTV^5ri:^A>5, 

G a N^3fe^^ K©M*ti©iiftt'ife5 4 0 0 nmtJl©M 

Eu-Eu Iffl5p*SKMIW:> 5. 9At*feot 

tt^^JS^STs SrHPO 4 ;0. 0 8 7 9^K SrCl 2 ;0. 0176* 
/K E u 2 O 3 ; 0 . 0 3 5 2, *3«fcT* (NH 4 ) 2 H P 0 4 ; 0 . 0 17 

© Sr 5 (P0 4 ) 3 Cl ©Je^fc3!gi&#3fiWfc— ifcUTVNS n fcas*>fl»3 0 

ytmm (i) ^r^i-o 

eu-eu m^mmn, 5. sa^o/^ 

5 

ttjZ^M**^ SrHPO 4 ;0. 1 0 5 5*;K SrCO,;0. 0484* 
/V, SrCl 2 ;0. 0176 */K CaCO 3 ;0. 00176 */K 
S^^^-^A (M g <D*7l-#C0 . 0 0 0 8 8*;!/), #3 £U«E u 2 0 3 ; 0. 0 0 
0 8 8 * JV t £ Z- tz. & ft ^ 1 iPi(-LTf^ft 
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Sr 4 . 875 Ca 0 . 05 Mg 0 . 025 Eu 0 . 05 (P0 4 ) 3 Cl £$5Bt bfc 0 

HI 1 CO Sr 5 (P0 4 ) 3 Cl (D^fht^^m^m^— ®:LTV^5 i kfrfrfrZ> a G a 
^^V^-- \?<Dm#~ytmm<D3EWi-&X«hZ 4 0 0 nmt^OWMU IS 
h^^M^UfCo ^- 1 K:^©^ftfc^^<DSft£tB;&3§3te3frK (i)> 

^fc, Eu-Eu r 3 W^i5ESf«> 18. 2A-Cfcofc 0 

tt&^fOfSf^ SrHP0 4 ; O. 1 0 5 5*/K SrCO,; O. 0 3 9 6^ 
/K B a CO,; 0. 0 0 8 7 ^ v- # A (MgO^SO. 

0 0 2 6 4^E-/k) > B a C 1 2 ; 0 . 0176 ^EvK £5 <£t>*E u 2 0 3 ; 0 . 0 0 0 8 
8 *r /U t m 7L TZL £X $V \± s lt«l ^lfcLTf*# 
Sr 4125 Ba 0 . 75 Mg 0 . 075 Eu 0 . 05 (PO 4 ) 3 Cl £r®i5s Lfc 0 

^<Oli;^f£co X|&|rI^^ — >-£^^<, El 1 1 <D \?—<? r\* — ^(i 
0 1 Sr 5 (P0 4 ) 3 Cl c0^tbi^^#5g^}Jl— SltV^ r bftfr>fr% 0 G a 
%&43T— K<D^^«cO^STfe5 4 0 0 nm-e^COm^iff^e(i3b, 3§ 

h^^M^b^ 0 ^- i ^^eco^^t°— ^ (DmM tmn^mm a) & 
^fc N eu-eu m^mw.mn, is. 2A-e$>ofc 0 

it^^WM^, SrHPO 4 ;0. 0 5 2 7 ^E/K SrCl 2 ;0. 0176* 
/K Eu 2 O s ; 0. 0 5 2 7, fc^t^ (NH 4 ) 2 HP0 4 ; 0. 0 5 2 7 ^ 
^Lfc^^tt, mfcfll l £ mmK LXM Sr 2 Eu 3 (P0 4 ) 3 Cl £®15tLfc 0 

HI 1 CO Sr 5 (P0 4 ) 3 Cl (D^i^iitifii^-— £feLTV^5 - i^^^^ o 
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G a N^^t- ^(Dm^m^^^-Vh^ 4 0 0 nmt^^fM 

(i), &t>\ km$9 8 %(DRMm&m^xmfevfr, ^itw-^m^Ru 

l£fc s Eu-Eu pgspj^rat ^ 4. 7A?fccfc„ 
HMFO 8 

ttiA^fr;|Sftr, SrCl 2 ;0. 0176 ^e/K E u 2 O s ; 0 . 0 7 9 1, $5 £. 
IK (NH ( ) 2 HP0 4 ; 0. 1 0 5 5 t M^f-SXm^ »il t»LT 
m^f$Sr 0 . 5 Eu 4 . 5 (PO 4 ) 3 Cl &§^fiLfc 0 

0131:, r.<D^^#:(D xminitfT^^ — ^^r^-f-c IH i 3 (D t°— ^ — y|4 
01® Sr B (P0 4 ) 3 Cl <z>^^,f 0 fi|^fftk:-ifcLTi^ r k&t>frZ>o 

G a N^&ft^ 4 0 0 nmt'Of^ 

eu-eu m^mmm, 4. iA-^fcofc 0 
^m#y 9 

tt?2±&m.$\-& s SrHPO 4 ;0. 1 0 5 5^/K SrCO 3 ;0. 0 3 0 2^ 
/K CaC0 3 ; 0. iMtt^Sfe-v 17 J, (Mg©^|0. 

0 0 0 8 8 BaCl 2 ;0. 0176 ^-/K £U«E u 2 0 3 ; 0 . 000 8 

8 *r ;V t m X. fc $X ^ n , I I M 1 ^iCLtf^fr 
Sr 3 86 Ba 0 , 5 Ca 0 . 565 Mg 0 . 025 Eu 0 , 05 (P0 4 ) 3 Cl U7c 0 

EI 1 <D Sr 5 (P0 4 ) 3 Cl <D^fr £*£if|#ii&fc:— &LTV^5 r. £ «s*?^5„ 

G a N^^^^V^"- F©«fi©±Sft'|)5 4 0 0 nmtiCftt 
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Kim (i) &*h- 0 

* 1t „ Eu-Eu Rg5pj& jggf f± N 18. 2At*ot 
HJfeM 1 0 

tt^^J^W^r, SrHPO 4 ;0. 1055 */K SrCO 3 ;0. 0121* 
/K B a CO s ; 0. 0 2 0 4 */K CaC0 3 ; 0. 017 6 */K ^Stt^^ 

^ A (M g CO^e/um O. 0 0 0 8 8^), BaCl 2 ;0. 0176* 
/K ^it^EUjO,; 0. 0 0 0 8 8*/l-i^XLfc^^fi, MMW 1 £ WMfcfc I, 
tfM Sr 3 . 345 Ba 1 . 08 Ca 0 . g Mg 0 . O25 Eu 0 . 05 (PO 4 ) 3 Cl £riSBt bfc Q 

use r <D$kytfa<D xmw\$t'*# — |15©t°-^/^-y» 
|1© Sr 5 (P0 4 ) 3 Cl <DtthtW^m^^)K— Wt\sX^Z>^t&frfrZ> 0 

G a N^|g^;^V^-— K©»t^©±iSt'fe5 4 0 0 nmT*^©^^^ 

ft&S (i) Sr^i", 

Icfc. Eu-Eu BflSpiSEftWU 18. 2Atfcofc 0 

ft&M l 

BaC0 3 ; 0. 0 1 0 3*/K (MgO^f 0. 

0 10 3*/V) N RXfiy-A 1 2 O s ; 0. 0 5 7 0 */K tSLT*\Z.ft%$* M 

5ciSft^fttLTEu 2 0,; 0. 0 0 O 5 7*/V^7Kt*t> T^5^#^ 

iiii^fc^, ^b^fcW^^SrT/P^^W^^^ 4 %<Dzk*£nttfS 
3pf#*^Ts 15 0 o°CT2Plf B l 3l£fcV^T, 7K 

£u?#\ fziltJu R^jR^D-atrff 5 - 9 tbfcffc Ba 0 . 9 Eu 0 . 1 MgAl 10 O 1T 

HI 5^, G a N3R35ft*y tf"— K©t^ti©^*C 4 fc5 4 0 0 nrnfi 
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m~ 1 fcG a N»^t- K©^«©±^^fc5 4 0 0 nm1?r 
O^:^:ft:^Mb/c^#(D|§^:t 0 -^(D^*iffi*l-^3 I 63tS (i) Sr^i - , 400 

n mmm- «t s i ©m^^^^s^it^ii i ©t^o^en© 5 . 1 

2 

tbiA^-^^ N SrHPO 4 ;0. 0897 BaCO 3 ;0. 0 3 2 5* 

/K CaC0 3 ; 0. 0 IIW^^^ 1 ?^ (MgO^HO. 

0 0 0 8 8 , BaCl 2 ;0. 0176 BaHPO 4 ;0. 0158* 

;K fcitFEu 2 0 3 ; 0. 0 0 0 8 8^t|ifcWs SSJtfll 1 £ b 
T^ftfls: Sr 2 . 55 Ba 1 . 875 Ca 0 . 5 Mg 0 . 026 Eu o . O5 (PO 4 ) 3 Cl £r®13£ bfc D 

0 5 ^ N G a N^IS^^^-- K©M^©±S^T?*5 4 OOnmt: 

(D^3t#:»jSbfc #<D^t°-^^t (i) St^To 4 0 0 
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mnm 3 6 

BaC0 3 , E u z O s <Dm&M%W.fc$l£fcti&fe, ^lM2 5iTOat, x (Dm 
& 0. 003—2 <DmM<Dlk%W- Ba^Eu.MgSiA tr$A3t bfc 0 b *ltz.^%Vf\Z. 2 5 
4 nm&OM 0 0 nm©3£$l£rM-U IS^*^ f/Hri£UfCo 

HSOIHii, 254nm 400nra ISbj&T "CO 38^38^ £ ©IC^M^^I",, 

i ^~?(Dffitt$£y6ffi& (ii) 254nm 400nm 5 fll^^S^ 

IEI 3 0 J: t) „ 400nm £ 254nm JSbjBT<Pft*:3§3te3&fttf> Eu (^/MR) x f± N 

fc, 1~3 5 (DE ummm^-Tfrhs 254nmJ&jBT©*:M83te3&£<£>Eu 

^^(0.02)0 1. 1 ffiF^_h^3&oT*5«9 > 400nm ®3aT©*^:»3te3ftflf© Eu ftft 
(0. 5) O 0. 5 {£—9 §©iltfe§i 3 „ 

3 7 

CaHPO 4 ;0. 06 ^e/K CaCO 3 ;0. 0255 M g H P 0 4 ; 0 . 

0 6^EvK MgCO 3 ;0. 025 5 ^/K *3«fctJ<E u 2 O s ; 0. 0 0 4 5 ^/U^ 

5&J$U §I#^T. TkSfcJK ftj& N TO v fW^T5ritj:^ffe^ 
©£^f£ Eu 0 . 15 Ca 1 . 425 Mg 1 . 425 (P0 4 ) 2 Sr^jt Lfc 

El 3 2fcZ(Omifcfo<DXl&mft'*? — >&7F-fo 0 3 2©k°-^/^-yft| 
31© Ca 3 Mg 3 (P0 4 ) 4 (D^etLi:^*^^{a^— SfcLTV^ £ £ tf5;fc>a*5 0 

HI 3 3 G a N^IS^^V^— Ktf>*^3fe«fi©^ifeft"'C*> 3 4 0 0 nm~e 

(oi&&, mnmsr^m, ^mm, Rmmmyt^gt a) 254 nmaet^ 

it3*Hfc|-3§3te3kg£ (i) ^^-To 

^fc N Eu x Ca (1 5 _o 5x) Mg (1 5 _ 0 5x) (P0 4 ) 2 tib H;fri&<Pfg-^j£$C$r a=7.280A N 
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b=7.280A, c=7.280A s a =43. 35° „ £=43.35° „ y =43. 35° tLTfi-Ittf 

{im^(owmt x^bs w&'&fcfc^fofry <d eu <DmwL<DiM*^$>^ ^<Dm<Dm 

1/3 m IT Eu-Eu m 5 P%B$£M%ntM- bfc i: r. ^ N Euo.^Ca^Mg^CPO^ ^£5 

it s eu-eu m^-m&nm 10. 3 a t? & o /t„ 

HJfe^J 3 8 

ft&^J®^ ^ CaHPO 4 ;0. 06 ^E/K CaCO 3 ;0. 0282 ^e/K 
M g H P O 4 ; 0 . 0 6^KMgCO 3 ;0, 0 2 8 fciOTu 2 0 3 ; 0. 

0 0 1 8 ^ /V £ m *. £A > iii3 7 ^itltt** 

Euo.06CaL47Mgi.47 (P0 4 ) 2 &®J3t L/c 0 

0 3 4\C^<D^ftfo(DXmm$T^? — >' : &^ir 0 0 3 4©t°-^/^-^tt0 

G a N^ift^V^- K©»»iifeS'Cfc5 4 0 0 nmt':©f)tf 
£r]in&£*, t^£$iJ5t b/i 0 ^-5^, -e<Df§ft ?5&BK 

Wi, Wffi^ft^ (i) 2 5 4 nmjE&j&K*5tt5ffi3t3§ 

(i) ^r^i-o 

* % Eu-Eu B0 5p*&ggUt Ji. 14. 0 A -e o fc 0 

mn&rn 3 9 

tt^A^M^f ^Ts C a H P O 4 ; 0 . 0 6 CaCO s ; 0. 0291 -t/K 

MgHPO 4 ;0. 0 6*/KMgCO 3 ;0. 0 2 9 l^/K JS^E u 2 0,; 0. 
0 0 0 9 ^JUb : £x-±&.f\-tes ItM 3 7 i^iCLtfi** 
Eu 0 . 03 C ai . 485 M gl . 485 (P0 4 ) 2 £r§<A3§ L /Co 

G a NmZ&zfcy^ Jr— K©M3fci«©i^-efc5 4 0 0 nmtrcW 

(i) sr^-t-o 

Eu-Eu IHsp*&BE«tt, 17. 7AT?feofc D 
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mw\ 4 o 

ttjA^Jg^s CaHPO 4 ;0. 06 ^/K CaCO 3 ;0. 02955 ^tr/K 
MgHP0 4 ; 0. 06 MgCO,; 0. 0295 5 ^/K $3&X*R u 2 0 3 ; 

0. 0 0 0 4 5 ^-/V- t &7Llt&Lftt±* It«3 7 ^itLTf** 
Eu 0 . owCai. 4925 M gl . 4925 (P0 4 ) 2 £ $J5f b „ 

El 3 5^r.O^3fe#:OXaiHl^^-^^^i- 0 13 5 0tf-^^«-^«:i 

G a N^|§^;^V^— K©M*^©i«^T?*)5 4 0 0 nmtrcM 

*M*#3&*s ¥4**1. S.t)M ! B*NBSft»ft (i) 2 5 4 nmiafiJ!:33»tS*B*|-38 
(i) &7jkir 0 

•£ fc> Eu-Eu ra^BEltteN 2 2. 2 A -C &> o fc 0 
H»!j4 1 

It^^mPt*, CaHPO 4 ;0. 06 *E-/K C a C 0 3 ; 0 . 02991 
MgHPO 4 ;0. 0 6-=e/K Mg C0 3 ; 0 . 0 2 9 9 1^ fc'it/EujO,: 

o. o o o o 9 ^ ;v tmTLT^^tvfe, mnams i ^naxt^fr 

Eu 0 . 003 Ca 1 . 4985 Mg 1 . 4985 (P0 4 ) 2 bfc 0 

G a N^^V^— K©^1*3telg«<0^feft"?*>5 4 0 0 nmtr«ft 

*HMI> Wti^^iSlS (i) 2 5 4 nmaS^it5im 

#3ftft (i) Sr^o 

£fc, Eu-Eu FI?^SEI», 3 8. OAffeofc. 

IIi4 2 

ttiA^JKS^s CaHPO 4 ;0. 0 8 0 2^;K CaCO 3 ;0. 0 3 8 9^ 
7K MgHPO, ; 0. 0 3 9 MgCO s ; 0. 0 19 3 ^e/K *3«f0«E 
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u 2 0 3 ; 0. 0 0 0 9 ^/V^X.7cJ^{i. mMM 3 7 tiifcLT^ft 
Eu 0 . osCax. 985 Mg 0 . 985 (P0 4 ) 2 U fc 0 

G a N»^V F©M3«©±^-efc5 4 0 0 nm-Cr^^;^^ 

£fc, Eu-Eu ^sp*&mBt^ 17. 7At*>ofc 0 
^feM4 3 

tt&^»:f£r> CaHPO 4 ;0. 12 ^E/K CaCO s ;0. 0582 ^EVK 
*3«fctfE u 2 0 3 ; 0. 0 0 0 9 ^/l^XfcfcfiJW*, HJSM 3 7 £ LT^St 
fl£ Eu 0 . 03 Ca 2 . 97 (P0 4 ) 2 &r M3a L fc 0 

G a N3G3B3te*bf KO*«fJi{©±^tfc5 4 0 0 nmT?r.©fM 

Eu-Eu M3p^®»H: % 17. 7Ai?feofc 0 
HK&flJ 4 4 

tb^^i^^ CaHPO 4 ;0. 039 8 CaCO 3 ;0. 0193^ 

;KMgHPO 4 ;0, 0 8 0 2^&/K Mg C0 3 ; 0. 038 9 -^/K *3«fct*E 
u 2 0 3 ; 0 . 0 0 0 9 ^fcfcEA^M*. 3 7 £ ttf^ft 

Euo.03Cao.985Mgi.98s (P0 4 ) 2 3r$Jit bfc 0 

G a NM^^V^-- K©^3fc«#©£ift^*?*>* 4 0 0 timt'r«ft 

*fc N Eu-Eu r^ s P^EESf«> 17. 7AT?fccfc„ 
H«J 4 5 

tt^^»4^T. C a H P 0 4 ; 0 . 0 5 CaCO 3 ;0. 01875 
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MgHPO 4 ;0. 0 5*;K MgCO s ;0. 0 1 8 7 5^/K fcit5Eu 2 0,; 
o. o o 6 2 5 *r;v bW.z-fc£J<$\~te, ^1^3 7 t^HtuLtf 

Eu 0 . 25 Ca 1 . 376 Mg 1 . 375 (P0 4 ) 2 Ufc 0 G a N^ft^-f rf— KW^^W^03=SE 

5K N ^^t^^O^*, Wtg^^iSS (i) 2 5 4nma 

j©K::i3tt5fll**383te3ft& (i) £r^i~o 

Eu-Eu ttU 8. 7A-Cfeofc 0 

Hife^J 4 6 

tt&^-JJjCW^ CaHPO 4 ;0. 05 ^r/K CaCO 3 ;0. 0175 ^r/K 
MgHPO 4 ;0. 0 5^E-/K Mg C O s ; 0 . 0 1 7 5 ^e/K *3 £t*E u 2 O s ; 0 . 
0 0 7 5 }V bU Ttt^^Wfe , m M m 3 7 ^ItLXtH 
Eu 0 . 3 Ca 1 . 35 Mg 1 .3 6 (P0 4 ) 2 ^^5gUfc o G a N^B)fc^t- K0f^»J©^ft 

^nm, Rmmmytmm U) t, 2 5 4 nmii 
\<i$5tfz>mMm%:Bk& (i) ^-r D 
* fc „ eu-eu m w-mmfc n , 8 . i9At$>ot 0 

4 7 

fr^^WM^, CaHPO 4 ;0. 05 ^t/K CaCO 3 ;0. 015 ^/K M 
gHPO 4 ;0. 0 MgCO s ; 0. 0 fcWEu 2 O s ; 0. 0 

i^jutm^f'^M. mmm3 1 i^Ltt^ Eu 0 . 4 ca 1 . 3 Mg 1 . 3 (po 4 ) 2 sr®* 

iLt G a N^^^^-r^— K<D^3fclIl&<£> 5 4 0 0 nm^r<D 

^ ^jj£ijig N ^LtJ«t@*|-|§^;3iJS (i) £:> 2 5 4 n mJS&jg^*3ttS (i) 
* fc, Eu-Eu PbW^SEII 7 . 4 4 A-efe o fc c 
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tti^^WM^, Mg HP 0 4 ; 0 . 12^KMgCO 3 ;0. 0 5 9 4^K 
*5 XTfK u 2 O s ; 0 . OOO 3^/l^^;tfc£UW> MMM 3 7 IrHSMc 
Eu 0 . 01 Mg 2 . 99 (P0 4 ) 2 ^rMat b/c Q 
G a N5R5S3fe^^— K©^3te««©±?R*"efc« 4 0 0 nmX^CfM 

XWfill^^tfCo C a ^MLTV^^V«©f Ca 
mm t> £ J&fiS -fete 1^5. 
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mmw 4 8 

CaHP0 4s CaC0 3 . MgHP0 4 , MgC0 3 , E u,0 3 ©ga^Jt&MS $^fc{{H«, »J3 
7 4: IH^t^ LT, x ©-fittf* 0. 003—1. 5 ©figl©^^^ Eu x Ca (1 . 6 _ 0 . Bx) Mg (1 . 6 . 0 . 5x) (P0 4 ) 2 
£r§i3tLfc 0 #fe*b/t^3fc^-2 5 4 nmW4 0 0 n m©3yfc&HMt U 3§?t 

m 3 6 x fc , 254nm RT* 400nm jajBT"T*<0J53fe9&£ ^ ©M©^^^, 
r.r.Tf©ffi*I-^8^9fiS (ii) 264nm Rt* 400nm fc:fctt5**38}fe!)&£&'t 

H 3 6 J; >9 , 400nm fc 254nm JsbST©ft:*:3§«.S© Eu iftS ("t/HR) x tt. 
^110.25 fc 0.015 -CfctU if/5Wi^t<^^^5^i:^^5o 
■£7c, ^IW3 7, 4 5 ~4 7 ©E u^ftjgm^Tt^, 254nm ®jj£T©:§:;*:l§?fc 
3M© Eu ^ (0.015) (7) l.lf^J:i*ot38^ 400nm liET©f^*5ll 
© Eu m&(0. 25)© 0.5 ffiF~9ffiF©ttfflHl*)«r.i:3&S 

«K fcf£*ffl ^ * fc#^©^Jfe^«r#^ bTmPJ b fc ^ , ©*fr# fc *S 

K«r&flfci-5 n ft < fcgH^jESrinfcS i fc 5 - fc »Mi*#fc fc 

2002 ^2^ 15 0 fciilgt© 0 ##fFtt« (#11 2002-038705), 2002 
££2 ft 27 13 m*©^^ ft US C#M 2002-050938). 2002 ^4^ 30 0 WIS© 
B^MWmif (#0 2002-129143), 2002 7 £ 24 0 ffiJH© 0 ^MWtHM (#Hg 
2002-214992K2002 ¥ll 29 0 ffijg© 0 (WS 2002- 348200) , 2003 

10 0ttS«©0*#fFl±ilS (#18 2003-004521), < t> T? *r 

<SH±©fiJ^^'l4> 
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m * <o m 

1. 3 5 0-4 1 5 nm©KI4t5fl©l#^ SRJRl© 

g^^v^T. mmm2(Dmytt$&s ^© i ~ 4 ©v^t ti^ i o©ifr^ifctf 

1 . (a) 350-415nm©V^i*^©Js(liS^-C*^IS3te5a^^^5 Bu*Ai^254nm 
(b)254nm©ajB«^ft*&#»*£fcS*&<B 1. 1 ffiFfiU^ fl^O. 400nra "C* 

2.SfeNIE:ffc*OEu M^bft^^^S Bu-Eu M^EUta* 4A^_L llA^TT 

4 . *«UX$J^ a „ rt^i-T-a* 77 i a q • rj i *S 0 . 5 5 £A± 0 

E u a S r 1 5- a -b (P0 4 ) c X d [1] 

frm-to afiaXK bfib^O, a + b ^ 5 »9 , *»0, a^O. 1, b^ 

dttO. 9 ^ d ^ 1 . l^tSft&So) 

3 . a R^b^\ 0 . 1 ^ a < 5 J.-0 0 . 0 1 ^ b < 5 £r?iffi&i~5 ;K 

0. 0 001^a<5, Io3^b<5 3r«»J£i-5 - i: h i~ 5f*3fctf>SEffl 

m 2 mKmm^ytmm. 
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4. M 1 <D 5 %<D 7 Omo 1 %E*_hflSB a. Mg, Ca N Z nRUM 

5. X©^50mol %^±^ C 1 -efe5^^Sr4#mt-t-Stt^:^ 
fSBJf! 2 J£&V> bJS 4:>}|<7^-f 1 lI^|B«<D^^;^g o 

6. a^b^ a^O. 1 £>o b ^ 3 ^MSi - 3f*^<£>*SffliS 2 

8. a#5 N 0. 2 < a ^ 3 «S-rSlf*(Dt5fflm 7II^fB«©l§3t 

9. M 1 ^. Ba. Mg, Ca, Zn N *3 <fc VM n h ft Z> h M 
k£frt£4>ft< it>-t^t^9s lox^c 1 a»bft5W3fc©*£fflffc2^ftV''b 

10. M x ^ % B a N Mg, a b ft bmitfh % 'Pft < t 
%>—mfr Ji-OX^C 1 ^b^^lt>^t^ftll!m2^^V^b^9II(Z)V^■f ^ tb 

1 1. ffilBmftffc^ — ^ [2] ©te^»j££#i-55lNMB«rM"L 

M 2 (e _ ex) M 2, ex Eu f M 3 (g _ gy) M 3 ' gy M 4 (h . hz) M 4 ' hz O J [2] 
(5£*K M 2 fl, Ba N Sr, *3 Jzt^C a ^ b ft % bM&thfc'Pft < t % — 
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SX±(D~m(D^m7n^ (i&U Ba. Sr N Ca. Eutt8fc<) U M 3 « N 

7^ia{iB#— {fficDftB"e^^^ 0 . 9 2 A*V^<^— {ffi^^S7t;# (flt s Mg N Z 
nttl&O M 4 fi, Al s Ga, *3 £ t>* Sc ^ £> ft £>51fc£n7c4>ft < 

i: M<D%m%:%i^, M 4 '{^ Hfl5<D#JR5n* U&U Al> Ga, S c 
< ) fteO. lUf^O. 99 ^IS i-3ifcs e ttO. 9 ^ (e + f ) 

^1. ItifitSft, g^O. 9gg^l. ll:?Mt5fs h H: 9 =g h ^ 1 
lSr^JSi-S^N ilil5. 3^i^l8. 7 S*^ x 0 ^ x < 0 . 

2Sr?Sai-5^ yfi0^y.<0. 2^iStSfs z tts 0^z<0. 2 Srffi 

12. o. 1 5 ^ f ^ 0 . 8 5"efc5^fcS:«Pfit«»*©« 

1 3. m 4 ^ a i ^&%^k&¥?mtirz>m&<Dmmmi mx^m 

14. M 2 i:M 2 '(7)^|t^^-^-§ B a ©flJ^*S 3 Omol%^_bt?fc «9 > ^ 
O n ^SHuSH"* S r X«C a <D'Pt£< t ^SN^*** 2 0 mol%J^Ji-<?£> 5 
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1 7. itufaimw, -fls!5£ [3] (Dit^m^mir^mm^^^ 

M 5 j Eu k M 6 1 M 7 m O n [3] 
(5£tfU M 5 te, Ba, Sr. *5 ±tfC a fl» & ft bSffnS^fc < £ 

£U M 7 te, S i JSitfG e i^45i^bl«!ti5^*< t>— 5®05o^Sr 
^fi-t? 90mol%^Jt-^iP#M7n*^ifei-o j r± 2 . 5 ^ j ^ 3 . 3 S:Stfii-£#s 
kttO. OOOUk^l. OSrlStS^ lttO. 9=£ 1 ^ 1. 1 SrWS?- 
mf±l. 8^m^2. 2 Sr?«ai-S tfe, n tt 7 . 2^n^8. 8 IrSMt 

18. Ba. S r N 38«kt*C a (D^f+(DM 5 ^ ^ 6 #1^. Mg £ Z 
n(D^fh<DM e 4n<:t]5£>5tiJ'£\ S.t>*S i t G e <^lt<^M 7 ^££>5fiJ£^ 
^rtb^tb 95mol%J^Ji-efcSr.i:^4#mi:-r5ft*©f5|ffl^l 7 if ^fag^lM 

1 9. M 5 ^ s B a s Sr. *5j:TJ?C a bMUfl&'Pte < £ % 1 ««T 
*U M 6 ^ M g £ Z na>k»tfK5^&< i t> 1«**U M 7 ^S i G e ^ 
blfJtiS^fe < i: t) l t *«ff i: t5H^©ffiBi 1 7 1 

2 0. M 5 />>N B a £ S r ^g>»rf < £ % 1 U M 6 ^M 

g^su m 7 ^ s i &&irz.k&mnk'tz>mik<Dmmf5i 7m^^mi 9 
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2 2. M 5 ©^OS r t^t5B aC^Mb^O. O 5^±T*fe5^t 

So 

2 3. B&lB*£ftti^ -jRS; [4] Ofl5^*a^Sr^i-S|g^tl«r^b 

Eu D M 8 p (P0 4 ) q (BO,) 2 - q Z r [4] 
(5£^ M 8 te, Ca-Sr^U ^O, C a M g b ftfc^ft 
< t>— a©5c#* s 8 Omo 1 %6^JiSri&feSA:JR7c?(f^3Eb N Z(iP 0 4 3 \ B 
o 3 3 -m^^T^^-^K^*i-o ote, o. 003^0^2. l&ffi&irZB:, p 

2. 7 ^ (o + p) ^3. 3<SrtifiJ£-r5$U Q »n 1- 2 ^ q ^ 2 ^V^^i" 

24. o. 015^0^2. i^fo%^h&m$kk-rz>m^<D i m 
mm 2 3mKmm<Dm^tmm 0 

2 5. M 8 <D*pT*^ C a i;Mg©^||-i^t5C a (DfiJ-^S 4 0 m o 1 % 
26. 1. 6^q^2-Cfc«^i:*«P»fci-SSII^«ffl*2 3 

3B#>bft?K #>o N c a ^t4 Omo 1 %^_h-^tf^i:^#mi:^5ft*©*5lll^ 
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